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OBJECTIVES
AND CONTENTS:

r

0

0

NOTES FOR TEACHERS

O

I. In this unit vi want to introduce. childome
,

elementary intuitive ideas in topology.

In topology, we can bend and stretch'bodies with

out tearing, cutting or joining and observe the 'features

which do not change. These we consider as the invariant

properties. As we bend and stretch bod,ies we say that

the bodies and undergoing "elastic .motiori'

iII. This unit is designed for Children as young as three

years old and may b:e. used up to the.intermedtate grades

It is desirable to start from stage I with each

group, unless work from this unit was done with previous, t

aga groups.

A. Topological E uivalence of Solids

0.

(a) Using two bails of silly putty, we fake one ball and bend it and

stretch it, without boring holes .In

other ball and observe the-features

. the same. Thirs exercise will give

It, and compare it with the

of the two balls, which remain

us the equivalence of two

solids.under.:'elastic motion"-or we may say the topological

equivalence of two solids, without holes,
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O

(b) Usin two pieces of silly putty - Tach with one hole, we take.one

piec and ben/and stretch it without filling in the hole, and
,

compare it with the other piece and observe the features, which

rem n unchanged. This exercise will give us the equivalence

of t o solids with one hole under elastic motion.

The same is then done, with objeets with 2,3,4 etc., holes.

B. To olo ic 1 Equivalence of Sheets

(a) Usin two sheets of soft paper or silly p4tty, we take One and

bend it and stretch it and make an object; e.g. a plate, a

cup a Ira., etc., and compare 'the, results with ,the other.sheet-

and observe the features, which remain'unchanged under the

" elastic motion.

C. Topological Equivalence of "Lines" and Nets

(a) Using two single strips of soft wire we take one and bend.#

without joining the endSand observe the.featuresWhich

remain the same as in the other strip.
4

.(b) Using smallrballs made fromsilly putty and pieces' of wire,

weQmake two open nets, each with three balls, and two pieces

of wire ti
(ii)

9
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We then take one of ,the nets, say (Wand bdnd and stretch the

two wires and then compare it with the other net- (iaand observe
0 C,,,/,-*''A ,

the-featUrew which remainp unchanged-.
s_

. ,

\ We then make nets with S,4.4 balls and compare for unchanged.

feat

c 4ow take two, pieces rol f wire and/wi-h each We make a
0

/ U.

closed figure

(1)

fl

We compare (i) end (ii) f invariant features.

,

(d) We now consider "inside aid "outside" clod figures'. We

do this by placing an obje t "inside" a fie and asking

where is it, "inside" or "otside"? Similarly we place

an'object outside a figure and ask wheret is it, "inside
.

or "out de "?
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(e). We now give a set of closed and Open figures and ask children

to group, them.

Order of Things on a\String After Bending

Here we Want to show the idea that points on a line are in the same'

4.

order after bending, that is, one of the invar ant properties of a

.body undergoing a topological transformation i that the-relative

points are in the same order.

0

APPARATUS: Pieces of soft wire, clay, Sheets of soft paper, beads, 'harm
0

bracelet s", pieces of string, rubber band6 objects to place

on string,..c.g. shapes made from cardboard: triangle, circle

'leaf, fruit, etc.

PROCEDURE: In this unit we are.14orking h children a t a very early

age and'with chiidren who have no previous experience with

these ideas. We therefore °recommend the following stages of
(

development. be included in your lessons. We illustrate the

stages with the content area discussed,above.

A. Topological Equivalence of Solids
A

Stage I. Let-children use concrete material to make things as

given in the content and get verbal responses frOm them.

ror (A) TOPologicl Equivalence of Solids, give children two ,,

s of silly putty and ask them '56 make things with them,

(a) withou boring holes,

'(b) by boring one hole in-each of silly putty

(c) by boring two holes in each ball of silly putty

(d) by boring three holes in each ball of silly putty

(e) by boring four holes 4.n each ball of silly plitty



Stage II. If childre donot understand, then demonstrate as folic:514s:

Here we have-two balls of clay. I can take one and make a roll,

a' biscuit, etc. N614 notice I did not bore any holes ip the clay.
\

Now you'can make something.

Stage III. If children still'have difficulties then give them

pictures of things they can make.

Example:

4.

Stage IV. Ask glibstions

(i) what changed in the ball of silly putty?

o discover invariants. eg,

(ii) what did notIchange?

4uggested Activity 1

For each group of objects; objects without holes, objects with

one hole, etc.,"use an object to help the children see the,contrast

For examples (1) for'objects with no holds, take a roll from the bakery

and ask how.it is different from a doughnut. "What must we do to this

roll to make it look like a doughhut?" 2 Contrast a cup and another

cup with a hole in it. "How are -Chey.different?I' (3) To /z'oritrast an



object with two boles tith an objebt with one_bple, you might use

biltton with two holes end another buttbn with one of the holes

blocked. (4) VI the next group of objects you bightcontrast.

a face mask.'with threeoles to amask'Which has 6ne'of the th ee

holes blocked.' Asking always, how are they dif'ferent?"

Stage V, ,Design test. using pictures:to discover topological..

'equivalence of objects.

Example 1.

.Cross out the things you can make with `a ball of clay,

without boring holes.
1

Example 2.
Q

Cross out the ob 'jects w4th two holes.
\px.



Example 3.

o

out the. objects with three,holes.

c

O

Example 4. .

Cross out the objects with four holes.

.

., .

' 1

ir
i

Conclosion

7

For this section we want to conclude that:

All objects without holes are topologically equivalent.

(2) All objects with one hole are topologically equivalent.

(3) All objects with two holes are topologically equivalent,

(4) All objects with threb holes are topologically k equivalent.

(5) All pbjects with four holes are topologically equivalent:

B. T.opoiogical Equivalence of Sheets

'Stage I. Let children use sort papp-r or a flat piece of'silly putty,

.and make things with it without boring holes or without joining

the ends of -the .silly putty.

Stage II. If children.;;do not understand,' then demonstrate as lollows:_.
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Here we have a flat piece of silly putty, I can take it .and

,Make a Nate,' A bowl,Ya saucer, a hat, etc. .Now you make some;.

\things with your silly pnttOk

Stage III. If.children still have difficulties
0,

pictures of things they can make.

Example:

Stage IV.

V

then give the

Ask questions to discover invariants

(i) What changed it: the ball of silly putty?

(ii) What did not change in the ballof silly putty?

Suggested Activities:

NAMPLES: (1) To alluStrate.the difference betweenra sheet and a

sheet with a hole inr'it, use the. example of a sheet.on

a bed and a sheet with a hole ale() by the bed. Ask, "What

is the difference? "Do both

(2) After a sheet of 0.ay'hasO-
,contrast a 1).0141 and a howl with

. r

different? (Perhaps a student

the other
.v

will not.)

L,

eets cover the bed completely?"

been molded into a bowl,

a hole in it. How are they

will say, one will hold water,



Stage V. Design 'test using pictilreS to discover topological

eqbavalence of sheets.

EXAMPLE

Pick out the things yOu an make with a fl tplece of. clay or a

soft sheet of paper:without boring holes, or ithout joining

the ends of the clay. -
./'

Conclusion:

For this section we want to conclude that all sheets wittl

holes are topologically equivalent.



a
. 'Tdpelpgical Equivalence of "Lines" and/ Nets.'-

(i) Single strip of wire
t

c

Stage I. Let children use pieces of soft wire to make thingS.

o.

without joining or cutting the wipee.

Using a single piece of wire, make several things by

bending it.

Stage children do tot Understand, then d mOnstra,Ea as
;

o
follows:

Here with this piece of wire, I can make some things

'by bending it. For example: from I

an make,

Stage III. If children still have difficulty then give thein

pictures of things they can make, e.g.

Stage IV. Ask questions, to discover ink;ariall-iS-.

(1.) What changed in t5e wire?

(ii) What remained unchanged in the wire?



ik

'(ii) Bending Wires with one junction

Using th4 figures,below go through stages I to V as above.

Activities,(then see Suggpste 'd p. 3)

4
(iii) Bending wires with .two junction .

4. -J ,

Using the figures below go through stages I6 V as above

ti
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- Suggested Exercises:

I.

1. Take

Ask: Aro they the same?

w are they-the same?

1 2. ,Lets glAre each ball a name:

1

% -

.

cTh

-ca

1 1.

Fig. 1 y fig. 2

Ask: How many ends of string

ra

j

are there it Fig. 1 at A?
B?

C? .

How many eniis of string are there in Fig. a at A?
B?

C?

3. Make a chart to show:

BALL NUMBER OF STRING ENDS

A
B.

C

14

FIG.

1
2

1

FIG,- 2

2

1

8

3



How many ),bala.s have the number 1 or 3?

I_
a4. Other 'examples, same question as 1, 2.

C.

.

Fig. 3

4

/Fig. 4

Make a chart to show:

f

BALL
NUMBER OF STRING ENDS

1FIG. 3 FIG.

A

Cl.
B

D

Howi many balls have the

1

r43

1

1

numbev, 1 off?'

1

3

1
1

.0

6. Other examples, same as question 1, 2.

Fig. 5

4

15

t

13

Fig. 6



'7. Make a chart to show

BALL

A
B

C

D,

E
F

NUMBER OF STRING ENDS
01E1 5 Fit. 6

4

1

3 -3

1 1

1 1

3 3_

1 1

. How many balls Have the number 1 or 3?

8. Take your pehcil and try to trace all the

yourencil or goingcAier any part twice.
17

lines

L
without lifting

In wach figures can you do thiS

,What do, you notice ft-m tha charts about the number of (,odd)

:(vertices with'l or 3 and being -.able to -trace?

II. To contras ,es with one junction with wires that .hevetwo junctions,-'

and va'riations of these two Situations; you might set upthe example

of children pulling on ropes . . .7 (each child -'to one end of the rope)

4--

1

:\.

Fig. 1 L Fig. 2

16
a
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Ask in each case, "How many phildten can pull on the ropx?11

answer, how are they the same?

AO the same question, contrasting Fig. 2, Fig. and F4g..14.

"How are they different?"

Stage.V.' Design test to discover,topologics1t4Uivalence ofolines.

qonclusion
[ 1

i' Herewe.want tor.conclude that:
t

.1

(a), All things with single wires

equivalent. °

15

O

without joining are topologically

(b) All things with one, junction and the sail number' : of wires ware

topologically.equivalent.

f

) All things with two junctions'and the same nuMber of wires it

each junction Are topologically equivalent.

(d) All nets with more than two odd vices can not be. tt7aced

without lifting your pencil or going over some part twice.

D. Open and ClosedfFigui-es.

Stage I. Giye children closed rubber bands and ask them to bend them,
twist themian4,make different shapes.

Stage II. If children do not understand, then demonstrate,.----

Stage III. If)children still have difficulties, then give them
pictures of things they'can make.

17
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Siage,IV. Ask questions.td discover invariants.

(i) What changed in the rubber, ring?

That did not change in ttie rubber ring?

Suggested Activit3n,

1. To hek/p contrast open and closed'figures, use the gfo

around. (or,tracing,around)0thefigure. Help the children to
. . .

we can "go all the )(lay arounikto where welistatted from" in a

figure, .but that .is. impossible in an open.figure.,

To Contrast further

students and.-tOpe.

ask the Olass,'"116w

°

tne.dOticqpt"Oi_oDen'and closed.-figareS,.use
%

psing k'closed-rope figure aholit a student,
-1

can he get out ?" Or'"How can another student

9

16

driving

see that

closed

get .in'?" and vaLations of this 0

A

Stage V. Design test using pictures .po disco'ver topological equivalence

of objects. 'five eXamples with openand*closed figures.
. .

.
Example-I. Cross out tl things you can make with a rubber

ring without cutting: it.

0

el

0

Example II. Say -if° -elle .is "inside" or "outside" the ring.

ci.
O

a



ro

. EXAMPLE III. If the doll is inside the ring, how could it get out?

It will hav& to jump o ?er the fence. ,Now say. in which

of the following will the,doll have to jump over the.

fence to get out.

Conclusion

We want to conclude here that:

M1/

(a) All open figures are top logically equivalent.

;

(b) To get from "outtide" t "inside" a figure aria vice versa,

a

a boundary must be crossed.v

.

17



B.° Order of Things on s Stirng After Bending

Stage I. Glve childremopen strings with two or four objects tied

along the string.

Provide children with Strings and objects, and asli,...them

-
to,put.objects on string in. the same7order.- 7

18

.

Stage I. If they cannot pe orm the task then demonstrate an example
.

to them anffthen 1at thSm follow and do the givenotasks.

Stage, III. .If ttrey cannot perform stage II,- then giVe them'objec s

I

, and piFtures and demonstrate. Then.ask them to perf

tasks.

-Stage IV. If stage'II is successful; then give them pictures and let

them perform tasks by using pictures. Here no demonstration

Stage V.

EXAMPLES:

given.

Design exercises to discov1 er order.

Here we have some things on a wire

,10
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g.,stlow With .the wires 'given below putwonthe things which are missing. '.

`IL

19'

t.

:re

L3

rz,

z



Cbnclusioh

Here we want to conclude that points on a line

. after undergoing a topologicdr transiormition, e.g.

are in the same order.

bending.'

Suggested -Objects:. Tomatzk, bigcuit, potato, doUghnut, ring, earring,

eye glass frames, binocUlars, elec,tric socket plate, .Swisth cbe4Se
0 .

,(withAoles),motebook paper, mask, hinge, btitton (With boles) :
°

derby hat, big string for felt board with object6. attached.

b4
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Children's Kit

Four ounces of plastic Clay (or plaat4cine)

Ten colored beads

Sixeplaces of, soft wire (or toy pipe cleaners) -- each abOut 4-5 inches long.
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